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Abstract
The objective of this paper is to identify the presence, direction and time at which the pure 
contagion effect occurred between financial markets. In so doing, the aim is to prove the 
existence of both spatial and temporal asymmetries of pure contagion effects. Firstly, a 
new empirical framework is proposed in order to define a spatial contagion index using 
the conditional cumulative distribution function as a parameter to estimate a conditional 
copula. This methodology enables us to estimate a dynamic conditional copula, providing 
information about how the market sent pure contagion effects and when. Secondly, in addi-
tion to detecting the direction of contagion, the real-time contagion effect is determined, 
enabling us to calculate the delay of contagion effects (spillover) between financial mar-
kets. The present empirical results show the existence of both spatial and temporal asym-
metry for bilateral contagion effects for 16 mature and emerging stock markets during the 
2001–2018 period. This proves the importance of taking temporal asymmetry into account 
when we want to detect the contagion effect of every crisis and to estimate the period of 
pure contagion relating to investors’ behaviors. Finally, these findings highlight the fact 
that contagion effects were more intensive during the subprime crisis than they were dur-
ing the European debt crisis.
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1 Introduction

Since the 1990s, the international financial environment has been characterized by a 
growing trend towards financial integration. This high-level integration is due to the mas-
sive development of international trade between the two halves of the globe, cross-bor-
der investments, and financial market deregulation (Batten et al., 2019). In particular, the 
degree of connectivity between mature and immature markets has risen sharply over the 
past two decades with capital flows. This has been the case with the integration of the 
BRICS with developed markets, since the BRICS are the major recipients of direct invest-
ment, and this group is one of the preferred destinations for global investors from major 
developed markets such as Canada, the E.U., Japan and the U.S. (Hadhri & Ftiti, 2019; 
Naresh et al., 2018). Consequently however, this integration of markets provides the inter-
national backdrop for domestic crises (Corsetti et al., 2011).

These phenomena of contagion (Hübsch & Walther, 2017), i.e. how an initial shock 
in one market can be transmitted to others, has been intensively explored by researchers 
because of the potential implications for policy makers. These researchers have mainly ana-
lyzed the transmission mechanisms of the crises and the existence of contagion phenomena 
across financial markets. Recently, a new strand of literature exploring spatial contagion 
has emerged (Fernandez, 2011). However, these studies have presented inconsistent find-
ings, depending on the periods studied, the type of crisis, the countries included in analy-
ses, etc. (Asgharian & Nossman, 2011; Asgharian et al., 2013; Durante & Foscolo, 2013; 
Durante et  al., 2014, 2015; Tam, 2014; Weng & Gong, 2016; Zorgati & Lakhal, 2020). 
This lack of consistency in the results may be explained due to the fact of not considering 
both spatial and temporal asymmetries of the contagion effect between financial markets. 
Spatial asymmetry of contagion is defined as “the difference between the level of conta-
gion transmitted or received by a financial market”. Whereas, temporal asymmetry is “the 
change of the unidirectional or bidirectional contagion effect from one crisis to another”.

The objective of this paper is to test the bilateral contagion behaviors between financial 
markets and to demonstrate the existence of both spatial and temporal asymmetries of con-
tagion indexes. To do this, the presence, direction and time at which the pure contagion 
effect occurs are sought, in accordance with the precise definition of contagion proposed 
by Forbes and Rigobon (2002). These authors define contagion as “a significant increase 
in cross-market linkages after a shock in one country”. Using this definition, this study 
aims to demonstrate the existence of both spatial and temporal asymmetries of pure conta-
gion effects.

More precisely, this empirical study has two main aims. The first is to test the bilat-
eral contagion effect. For this purpose, we adopt the proposition of Durante and Foscolo 
(2013), which takes into account the hypothesis of Durante et al. (2014) to find an optimal 
measure of contagion level (in accordance with the definition set out by Forbes and Rigo-
bon (2002)). Beginning with the initiatives of Durante and Foscolo (2013) and Durante 
et al. (2014), this study seeks to identify the existence, direction and timing of contagion 
received and transmitted by every market. It begins by employing a conditional version 
of Durante and Foscolo’s (2013) approach, before estimating the dynamic relationship 
between financial markets, proposing a dynamic conditional copula as a measure of bilat-
eral dynamic dependencies.

The second important aim is to estimate the contagion effect of each crisis separately. 
This is done using the methodology of Carrion-I-Silvestre et al. (2009) combined with the 
test developed by Bai and Perron (2003) to examine the structural change of conditional 
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dependence. At this level, the present methodology provides the opportunity to simultane-
ously verify the spatial and temporal asymmetries of contagion between the markets fea-
tured in the study sample. As such, this research contributes to previous studies measuring 
bilateral financial contagion by proposing a novel econometric measure which integrates 
all the features of currency crises. Asymmetric pure contagion indices, which include the 
asymmetry of unilateral linkage between financial markets, are computed. This asymmetric 
dynamics matrix can be used as a weighted matrix to study the spatial relationships among 
stock markets and to model dependencies using econometric spatial approaches (Weng & 
Gong, 2016).

This paper makes four major contributions. Firstly, it investigates two forms of asym-
metry of contagion: spatial asymmetry and temporal asymmetry, whereas the literature 
has so far only focused on the first form of (Zhang et al., 2020; Zorgati & Lakhal, 2020). 
Secondly, it is the first paper to introduce the conditional empirical cumulative distribu-
tion function to estimate conditional copulas. This new empirical framework enables us 
to estimate a dynamic conditional copula and also provides information concerning how 
and when the market transmitted pure contagion effects. Thirdly, in addition to detecting 
the direction of contagion, the real-time contagion effect is defined, enabling us to identify 
the delay of contagion effects (spillover) between mature and immature markets. Fourthly, 
from an empirical perspective, the existence of both spatial and temporal asymmetry for 
bilateral contagion effects for the 16 mature and emerging stock markets of the sample is 
demonstrated for the 2001–2018 period. This proves the importance of taking into account 
the temporal asymmetry when seeking to detect the contagion effect of every crisis and to 
estimate the period of pure contagion relating to investors’ behaviors. Finally, the present 
findings highlight how contagion effects were more intensive during the subprime crisis 
than they were during the European debt crisis.

The remainder of the paper is organized as follows. Section 2 reviews the literature on 
the subject of pure versus fundamentals-based contagion. Section 3 presents the empirical 
methodology used to test the contagion effect, the empirical specification of the problem 
and data. Section 4 discusses the empirical results, and Sect. 5 presents conclusions.

2  Pure versus fundamentals‑based contagion

Interconnections between financial markets increase the level of contagion and intensify 
crisis effects on the international financial market, mainly in the form of a succession of 
crises. In the recent financial literature and the current international financial situation, cri-
ses are not strange phenomena (Jayech, 2016). In attempts to explain crisis scenarios, sev-
eral concepts were proposed by recent financial theories such as spillover and contagion 
effects. In particular, the concept of “contagion effects” does not have a universal defini-
tion and is an ongoing subject of debate between researchers. For example, the definition 
of contagion phenomena as a crisis transmission mechanism creates confusion between 
spillover effects and contagion effects in that spillover effect incorporates both pure and 
fundamentals-based contagion (Claeys & Vašíček, 2014). However, according to the con-
tingency theory of crises, it is necessary to distinguish pure from fundamentals-based 
contagion (Ayadi et al., 2006). This difference has been widely discussed in the literature, 
exploring a wide variety of methods (Billio & Pelizzon, 2003). So, this paper first presents 
a brief overview of some previous interesting propositions used to explain the transmission 
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phenomenon of financial crises, then presents a new study on the presence of spatial and 
temporal asymmetries of contagion effects.

As mentioned above, in this work, contagion is defined as “a significant increase in 
cross-market linkages after a shock in one country” (Forbes & Rigobon, 2002). However, 
for Bekaert et al. (2005), contagion is the excess of correlation rather than economic fun-
damental linkage. The big challenge is to identify the normal degree of dependence as 
opposed to an excessive degree, and to explain this according to fundamentals. Recently, 
Rigobon (2016) defined contagion as “the “unexpected” or “surprising” component of 
transmission of shocks across countries to other countries, as a change in behaviors dur-
ing crises; and lately as purely any form of propagation across countries irrespective of 
the circumstances”. Dornbusch et al. (2000) proposed the concept of fundamentals-based 
contagion to define the transmission effect explained by economic fundamentals. Lin et al. 
(1994) suggested the idea of pure contagion and attributed pure contagion to irrational 
investor behavior, which can lead to unexpected phenomena such as financial panics.

The financial literature relating to contagion can be divided into two strands. The first 
investigates transmission mechanisms between financial markets in order to identify chan-
nels of spillovers between markets. The second strand, which is more recent, aims to ana-
lyze the asymmetry of contagion effects across countries.

Contagion and transmission shock mechanisms have particularly attracted the interest 
of practitioners, academicians and policymakers alike following the Asian crisis of 1997. 
Baig and Goldfajn (1999) analyzed the contagion between the financial markets of Thai-
land, Malaysia, Indonesia, Korea, and the Philippines. Their findings supported evidence 
of cross-border contagion in the currency and equity markets. In addition to classical chan-
nels of inflation, exchange rate, FDI and trade, Engle (2009) demonstrated the existence 
of contagion channels relating to investors’ behaviors when they trade on the international 
financial market. This seminal paper constitutes the starting point of many studies. Bekaert 
et al. (2014) confirmed Engle’s findings, showing evidence of contagion from the US to the 
international market during the 2008 financial crisis. Along the same lines, Gómez-Puig 
and Sosvilla-Rivero (2016) highlighted the coexistence of “pure” and “fundamentals-based 
contagion” to interpret the spillover effect of the recent European debt crisis. Moreover, the 
propagation of stress to the portfolios of domestic investors was negatively correlated with 
the level of domestic economic fundamentals. Using the FIAPARCH model, Kenourgios 
and Dimitriou (2015) explained that the contagion effect between regional financial mar-
kets during the Lehman Brothers crisis limited the success of portfolio diversification strat-
egies. Luchtenberg and Vu (2015) found that economic fundamentals such as trade, infla-
tion rates, interest rates, regional effects, industrial production, and investors’ risk aversion 
all contributed to international contagion during the 2008 crisis. Leung et al. (2017) tested 
pure and fundamentals-based contagion, finding that the spillover effects between London, 
Tokyo and New York stock markets with exchange rates could be explained by both pure 
(related to irrational investor behaviors) and fundamentals-based contagion (measured by 
macroeconomic fundamentals) during the global financial crisis and the European debt cri-
sis. Finally, Kocaarslan et al. (2018) tested the contagion effect between the US and BRIC 
stock markets during the global financial crisis (GFC). Adding confirmation of the exist-
ence of both pure and fundamentals-based contagion to their findings, they underlined the 
importance of cross-market rebalancing channels for information transmission among US 
and BRICS markets.

A recent strand of literature has focused on the asymmetry of contagion effect in order 
to ensure optimal portfolio allocation, with appropriate diversification and hedging strate-
gies. Ahmad et al. (2013) focused on the unilateral contagion effect from developed markets 



1187Annals of Operations Research (2022) 313:1183–1220 

1 3

to BRICS immature markets. They demonstrated the divergence of effect related to the stress 
between transmitting and receiving markets. In particular, in the case of the European debt cri-
sis, BRICS emerging markets were more affected by contagion from Ireland, Italy and Spain 
than from Greece. In contrast, analyzing the dynamic dependencies of the Chinese market on 
European markets during the European debt crisis period using the Kalman filter approach, 
Shen et al. (2015) found evidence of a low level of pure contagion.

From an econometric perspective, several methodologies have been used to analyze spa-
tial asymmetry contagion between financial markets. Gjika and Horváth (2013) used a DCC-
GARCH model to test the presence of spatial asymmetry between European markets and 
affirmed a decrease in the benefit of portfolio diversification during stress periods with an 
increase in the level of dependence and the presence of pure contagion effects. Claeys and 
Vašíček (2014) suggested to use the model proposed by Diebold and Yilmaz (2009) com-
bined with the multiple breakpoints test to estimate the spillover effects between European 
bond markets and to verify the presence of contagion effects during the sovereign debt crisis 
of 2011. Durante and Foscolo (2013) investigated the spatial contagion effect, defined as “a 
significant increase in co-movements of prices and quantities across markets, conditional on 
a crisis occurring in one market or group of markets”. They proposed a new empirical frame-
work based on the threshold copula approach, which aims to compare dependence between 
the tails and the central set. Durante et al. (2014) highlighted a new measure of contagion, 
consisting of quantifying the difference between dependence among financial time series in 
normal and stress periods. They extended Spearman’s correlation coefficient to develop a con-
ditional version, through parametric copulas (Gaussian, Student, Gumbel, SJC….). Moreover, 
through cointegration and error-correction modeling, Al Nasser and Hajilee (2016) examined 
the nature of dependencies between a group of mature and immature markets to prove the 
impact of both short-term and long-term dependencies between those markets on portfo-
lio diversification. As such, they recommended that international investors should invest in 
emerging markets in addition to developed markets for long-term benefits. Weng and Gong 
(2016) proposed a Spatial Autoregressive error process and a dependence measure as a spatial 
weight matrix calculated using copula, but they only used a symmetric measure. Zhang et al. 
(2020) investigated the spatial spillover into G20 financial markets as well as the potential fac-
tors driving the systemic financial risk, without taken into account temporal asymmetry.

The above non-exhaustive summary of previous studies shows that abundant literature has 
investigated the transmission mechanism between markets in periods of turmoil. However, 
studies relating to the emerging literature on asymmetry of contagion between these countries 
are scarce. As this issue is useful for policymakers and investors (in particular for hedging 
strategies), this paper aims to contribute to the literature by investigating the pure contagion 
effect between immature and mature markets. More specifically, this paper proposes a new 
empirical framework in order to define a spatial contagion index using the conditional cumu-
lative distribution function as a parameter to estimate conditional copula. This methodology 
enables us to estimate the dynamic conditional copula and provides information on how and 
when pure contagion effects occur. Secondly, in addition to identifying the direction of con-
tagion, the real-time contagion effect is identified, enabling us to calculate the delay of conta-
gion effects (spillover) between financial markets.
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3  Methodology

In order to test and discuss the presence of contagion effects between markets, the cop-
ula methodology was chosen to identify dependence levels, and a procedure to identify 
the existence of both spatial and temporal asymmetries for contagion effects is proposed 
herein. The empirical methodology is divided into two parts. First, the spatial direction 
of the financial contagion during the international financial crisis was taken into account 
using spatial asymmetric measures. This measure was developed from that presented by 
Durante and Foscolo (2013) based on the definition of contagion proposed by Forbes and 
Rigobon (2002). Here, the asymmetric aspect was introduced using a conditional empirical 
copula. This copula was calculated using the cumulative distribution function to estimate 
the empirical copula (F(X/Y)) and the classical empirical distribution function (F(X)). 
Then, an asymmetric measure of Spearman’s contagion indexes was calculated. An empiri-
cal conditional copula formulated using conditional empirical cumulative distribution 
function (F(X/Y)) was used. This is arguably the first paper to use a conditional empirical 
distribution function to estimate an empirical copula, thus enabling us to test dependencies 
between financial markets.

For the second part of the methodology, as the contagion effect changes from one cri-
sis to another, we propose applying the multiple breakpoints test to find the tail depend-
ence between financial markets estimated using a conditional dynamic Gaussian copula 
to detect the structural change. We use the dynamic Gaussian copula because it measures 
the dependencies between the whole distribution functions. By doing this, we will be 
able to detect the moment when the contagion effect was present, which corresponds to 
the moment when dependencies increased across the whole distribution series. So, we can 
identify the pure contagion of each crisis separately where it exists. Following this, the 
steps taken in the estimations are presented.

3.1  Steps of estimation

This section sets out the steps followed to verify the presence of contagion effects between 
financial markets using static and dynamic conditional copulas. In this first stage, in order 
to respect the defined field condition for using copula modeling, ARMA-GARCH models 
were estimated for every stock market return to eliminate and data. Section 4 discusses and 
data. Section 4 discusses problems.

3.1.1  ARMA‑GARCH modeling

The Copula measure was defined for a random walk [0, 1]. To do this, randomized stock 
market returns were first used, followed by ARMA-GARCH modeling to screen autocor-
relation and Arch effects from returns.

In general, the ARMA-GARCH model is defined as follows:

yt = � +
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The residuals of the above ARMA-GARCH estimations were thus discovered.1 The 
contagion indexes were first estimated, based on the conditional static empirical copula. 
The next section presents the steps followed to calculate the contagion index.

3.1.2  Measure of spatial contagion

This paper adopts the approach proposed by Durante and Foscolo (2013), further contrib-
uting to the literature by introducing the hypothesis of spatial asymmetry2 of the contagion 
measure. So, we can distinguish the direction of contagion effects between two markets 
X to Y. Indeed, we can try to identify the presence of asymmetry of contagion to confirm 
the difference between contagions transmitted and received. To do this, the effect of every 
shock is studied separately using dynamic tail dependence based on copula measures.

3.1.2.1 Definition of a copula based on the Sklar proposal This stage began with the Sklar 
(1959) proposal, wherein the conditional copula is defined as follows (Patton, 2006, 2012 
and 2013):

Let us consider that X, Y and Z are three random variables, the conditional copula 
(X, Y|Z) is the joint distribution Hz(.|Z) = z . The conditional distribution function can be 
defined as U1 ≡ F 1|z(X|Z) and U2 ≡ F 2|z(Y|Z).

where Z, is the volatility of the market X.z is the support of Z.
In accordance with the definition set out by Forbes and Rigobon (2002) to estimate 

the contagion level, we calculate conditional empirical distribution functions. After this, 
in order to compare the levels of dependence during periods of crisis and calm, extreme 
values are separated from values of the calm period. Then, we subdivide the conditional 
empirical distribution function into two subgroups as follow:

Let us consider that (Ω,F,P) is a probabilistic space, we define two random variables 
(X, Y). The threshold copula of the couple (X, Y) for (X, Y) ∈ B is defined as:

For (X, Y) returns of two stock market indexes. The two subsets of B ∈ R
2
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)]
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 where

• �1, �2,�1et�2 ∈
[
1,

1
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]2

• qx ∧ qy∕x are the quantile functions associated with x and y.

Let us consider in the set B ∈ R
2
 that P((X, Y) ∈ B) > 0

�t = �tzt, zt ≈ N(0, 1)

C(X, Y ∣ Z) = C
(
F1|z (X|Z),F2|z (Y|Z)|z

)

1 The GARCH extension models used are the TGARCH, EGARCH and APARCH.
2 Using a conditional copula to detect the direction of contagion.
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In this work, the proposal set out by Durante and Foscolo (2013) where � = � = 0.13 is 
used. Thus, the two copulas CT�

 and CM�
 are defined as follows:

CT�
 is the copula defined for the distribution function in the interval and corresponds to 

the measure of dependency between tail sets:

• T� =
[
−∞, qx(�)

]
∗
[
−∞, qy∕x(�)

]
CM�

 is the copula defined for the distribution function 
in the interval and corresponds to the measure of dependency between medium sets:

•  M� =
[
qx(�), qx(1 − �)

]
∗
[
qy∕x(�), qy∕x(1 − �)

]

3.1.2.2 Spearman’s contagion indexes To test the contagion effect, Spearman’s Rho is 
used, based on the conditional copula above. However, in practice, conditional Spearman 
contagion indexes are calculated following the above steps.

Firstly, we begin by measuring the conditional correlation indexes ρ for the lower tail 
and the central set of the distribution, defined as follows:

To compute the contagion indexes, we compare the two threshold copulas of the central 
set and lower tail of the distribution. Using the two copulas CT and CM , we verify the pres-
ence of contagion effect with the following test:

• H0 ∶ �
(
CT�

) ≤ �
(
CM�

)
 : Absence of pure contagion effect

• H1 ∶ 𝜌
(
CT𝛼

)
> 𝜌

(
CM𝛼

)
 : Presence of contagion effect

The SCI contagion indexes will be calculated from the two levels of dependence during 
the extreme (lower tail dependence) and calm periods. This index is defined as:

To discuss the result of the contagion indexes measured, we refer to the thresholds pro-
posed in the work of Durante and Foscolo (2013). Here, the following rules (applying the 
test presented below) must be respected:

• If the SCI� = 0 or �
(
CT�

)
= �

(
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)
 , then the situation will not change during crash 

periods: this signifies the absence of contagion effect.
• If the SCI�< 0, or 𝜌

(
CT𝛼

)
< 𝜌

(
CM𝛼

)
 , then the dependency during the crisis will not 

increase during the stress period, and we can reject the hypotheses of the presence of 
pure financial contagion effects.

  These two conditions correspond to the H0 ∶ �
(
CT�

) ≤ �
(
CM�

)
 of the test of pres-

ence of pure contagion effects presented below.
• If the SCI�>0, this signifies that 𝜌

(
CT𝛼

)
> 𝜌

(
CM𝛼

)
(this corresponds to the H1 of the test 

presented below), and we can accept the hypothesis of financial contagion.
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(
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)
− �

(
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2

3 Carol (2008) argues that 10% of tail can be set to obtain a reasonably accurate estimate of tail parameters, 
provided that the sample is large enough (more than 2000 observations)
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Then, we proceed to estimate conditional dynamic SJC copulas in order to verify the 
increase in dependence during a stress period in comparison with a calm period, given its 
ability to consider asymmetry in dependencies between tails.

3.1.2.3 The definition of the SJC copula The Clayton copula is proposed in the literature 
to measure dependence for the lower tail. The first modification of the Clayton copula was 
proposed using the Laplace transform to estimate both lower and upper tails. The Joe–Clay-
ton copula is:

� =
1

log2(2−�U)
 , � =

−1

log2(�L)
 . �U ∈ (0,1) and �L ∈ (0,1) are the measures of upper and 

lower tail dependencies respectively.
SJC copula (Patton, 2006): A modification of the Joe-Clayton (JC) copula
The SJC copula introduces the independence between the upper and the lower tail to test 

the presence or absence of asymmetry. The generalized density of the dynamic SJC-Copula 
is:

And the tail dependences are:

By using Spearman Contagion Indexes (SCI) and SJC copula, we can only show the 
existence of contagion effect according to the nature of markets. This method ignores the 
fact that contagion can appear different from one crisis to another. It does not offer the pos-
sibility to distinguish contagion effects of the subprime crisis from those of the European 
debt crisis. In reality, contagion effect between two or more markets can change in accord-
ance with shocks.

As the main objective of this paper is to prove temporal and spatial asymmetries of 
unidirectional dependence between financial markets, we estimate a dynamic Gaussian 
copula. This method enables us to distinguish the contagion effect, if it exists, of every 
crisis separately. Then, we evaluate the dynamic tail dependences to detect the behavior of 
dependence. From this, the dynamic Gaussian copula is defined.

3.1.2.4 Dynamic Gaussian copula 

Dynamic dependence using the Gaussian copula:

CJC

(
x, y|�U , �L

)
= 1 −

(
1 −

{[
1 − (1 − x)k

]−�
+
[
1 − (1 − y)k

]−�
− 1

} −1

�

) 1

k

CSJC
t

(
x, y|�U , �L

)
= 0.5

[
CJC

(
x, y|�U , �L

)
+ CJC

(
1 − x, 1 − y|�U , �L

)
+ x + y − 1

]

�U
t
=
∏

(
�SJC
U

�U
t−1

+ �SJC
U

+ �SJC
U

1

10

10∑

i=1

||xt−i − yt−i
||

)

�L
t
=
∏

(
�SJC
L

�L
t−1

+ �SJC
L

+ �SJC
L

1

10

10∑

i=1

||xt−i − yt−i
||

)

CG
t

�
xt, yt

���t
�
=

1
√
1 − �t

exp

�
2�txtyt − x2

t
− y2

t

2
�
1 − �t

2
� +

x2
t
− y2

t

2

�



1192 Annals of Operations Research (2022) 313:1183–1220

1 3

At this stage, the contagion effect is tested using analysis of the structure of time with 
varying bilateral conditional dependence between financial markets. As such, Gaussian 
dynamic dependencies are analyzed. Moreover, the multiple breakpoints test is used in both 
levels of the trend function of every conditional dynamic dependence measure (Claeys & 
Vašíček, 2014). The break dates are estimated via the test procedure proposed by Carrion-
I-Silvestre et al. (2009) coupled with the dynamic programming algorithm of Bai and Per-
ron (2003). The Bai and Perron (2003) structural breakpoints test is efficient (Tam, 2014). 
It can detect several more breaks than older methods (Xiong et al., 2016). Finally, the level 
of dependence for each period is compared. The increase in the level of dependence refers 
to the timing of the contagion effect. We can therefore conclude that spatio-temporal asym-
metry of contagion effect is present when the level of contagion varies over time.

3.2  Sample

The data is obtained from the Datastream database. In order to compute asymmetric spa-
tial contagion between mature and immature financial markets, G10 and BRICS countries 
were chosen, and the relationship between the following daily indexes were analyzed: AEX 
(Netherlands), SMI (Switzerland), OMXS (Sweden), SBF120 (France), FTSEMIB (Italy), 
Bel20 (Belgium), Fifty50 (India), S&P500 (U.S.), MDax (Germany), FTSE100 (U.K.), 
Nikkei250 (Japan), MSCN (China), SPTSX (Canada), RTS (Russia), Bovespa (Brazil) and 
FTSE South Africa (South Africa). The dataset refers to the period ranging between Janu-
ary 1, 2001 to May 31, 2018 (which includes both the global subprime crisis and European 
debt crisis).

4  Results and discussion

Table 1 reports the principal descriptive statistics of daily log-returns. This table exhibits 
the presence of non-normality, autocorrelation and heteroscedasticity (ARCH effect) for 
every single stock market return. According to Durante et al. (2014), determination of con-
ditional dependence can be wrong when heteroscedastic and autocorrelation effects are not 
eliminated from basic stock market returns. So, the ARMA-GARCH model is used to filter 
returns before estimating conditional copulas.4

As a first objective of the empirical evidence, the three different types of bilateral rela-
tionships between the sample markets are analyzed: mature-mature, immature-immature 
and mature-immature. Focus is particularly on the asymmetry of dependence between 
markets using conditional static and dynamic copulas coupled with the breakpoints test to 
demonstrate the existence of spatial and temporal asymmetry of dependencies.

This two-step methodology is based on:

• The asymmetric bilateral relationships set out by Durante and Foscolo (2013).

�t = Λ

(
���t−1 + �� + ��

1

10

10∑

i=1

||xt−i − yt−i
||

)

4 The results of the ARMA-GARCH estimations are not detailed here as they are not part of the interpreta-
tions, and this allows us to respect the page limitation. But they are available on request to the authors.
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• A temporal analysis of asymmetric dynamic dependence structures. Inspired by the 
asymmetric computation proposed by Durante et al. (2014), where they suggest for the 
first time the idea of asymmetric contagion, a novel approach based on the conditional 
empirical cumulative distribution function F(X/Y) is presented.

To begin the analysis, the interest of analyzing the nature of unidirectional bilateral rela-
tionships between financial markets using the granger causality test is substantiated. This 
test helps to justify the hypothesis of the existence of dependencies between markets with 
different degrees of maturity. In Table  2, this preliminary test confirms the existence of 
bilateral causality between the markets of the sample with the presence of a spatial asym-
metry of relationships even where maturity degrees differ. It also proves the difference 
between the contagion effect from market A to market B and that of market B to market A 
(2005a; Bradley & Taqqu, 2004, 2005b). This confirms the presence of spatial asymmetry 
of contagion due to the weight of domestic markets on the international economy (Gjika & 
Horváth, 2013).

Following the methodology presented in the previous section, this research first esti-
mated the unidirectional conditional Spearman contagion indexes. This approach is based 
on comparing the non-parametric copula computed between the central set to the lower 
tails of the distribution, and the methodology is inspired by the works of Durante and Fos-
colo (2013). Then, Durante et  al. (2014) propose to study the direction of contagion by 
using different values of α.5

The main goal of this first part is to show the presence of spatial asymmetry of con-
tagion between financial markets in addition to the temporal asymmetry6 of dependence. 
Asymmetric contagion indexes provide new information about the unidirectional contagion 
from one market to another during stress periods (Durante et al., 2014). The spatial asym-
metry of financial contagion is verified following the conditional contagion index accord-
ing to Spearman’s correlation coefficients. This index was calculated using the conditional 
empirical distribution function F(X/Y) of filtrated returns, to obtain a conditional threshold 
copula (X, Y).

Table 3 presents spatial asymmetry of contagion between the sample markets. Finding 
a high degree of asymmetry mainly for heterogeneous country couples demonstrates the 
difference between contagion effects sent and received for most countries included in the 
sample. Moreover, all null values highlight the absence of unidirectional contagion effect 
from the market of the first column to the market of the first line. Furthermore, an absence 
of contagion effects from Germany to Italy, Belgium to Switzerland, and between South 
Africa and Brazil, etc. were found. In addition to this, a symmetric pure contagion rela-
tionship which is stronger between mature stock markets than between immature markets 
was found, in particular for ‘Italy–France, Germany-U.K., US-U.K., China–South Africa’ 
country couples. However, we can observe an absence of contagion effect from the U.S. 
to some other mature markets in the sample, such as Sweden, Switzerland, Germany and 
Japan. This approach enables us to quantify the difference between the effect of the first 
market on the second market, and the effect of the second market on the first. Then, we find 

5 See the Methodology section.
6 Temporal asymmetry refers to the difference of the level of dependence during growth, in both normal 
and stress periods. This proves the presence of contagion when dependence increases during stress periods 
in comparison with normal periods. The next part of this paper discusses temporal asymmetry of contagion 
when contagion effects differ from one crisis to another.
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a spatial asymmetry for contagion effects between immature market couples such as South 
Africa-Russia, Brazil-China, Russia-Brazil, India-Russia, and China-Russia. Spatial asym-
metry is also present for mature country couples such as U.K.-Belgium, Japan-Netherlands 
and U.S.-Canada.

Table 3 demonstrates the existence of symmetric contagion effects between some Euro-
pean and Asian financial markets such as between Germany-Japan, France-Japan, Sweden-
India, France-India, China-Sweden and China-Germany. This result supports the findings 
of Zhou et al. (2018) but contradicts these of Zorgati et al. (2020), who state that the spatial 
contagion is limited for countries that are geographically distant.

However, the present aim is to test the existence of pure contagion effects. Here, the 
absence of contagion effect between mature and immature markets highlights how the 
channels of contagion depend on fundamentals such as trade relationships, exchange rate, 
etc.

The high level of the contagion index from the U.S. to the U.K. shows the presence of 
pure contagion effect received by the U.K. market, during the global financial crisis and 
European debt crisis, due to the role of investor behavior in the crisis transmission mech-
anism (Engle, 2009). With a focus on heterogeneous country couples, these estimations 
indicate the absence of contagion effect from U.S. to immature markets except for Brazil, 
this being due to the vulnerability of the Brazilian financial market. Spatial asymmetry for 
mature-immature country couples such as China-Netherlands, U.K.–India and U.S.–Brazil 
were also identified.

The SJC Copula, which compares the dynamic dependence level between the lower and 
upper tails of the distribution, confirms the result on the increase of dependence during 
stress periods in comparison with calm periods.

Table 4 provides the results of upper and lower dependence levels using the SJC copula. 
This study focuses on the SJC dynamic copula because it takes into account the asymmetry 
between lower and upper tail dependencies in comparison with Student and Gumbel cop-
ula (Filho et al., 2014; Wen et al., 2012). Student and Gumbel copulas are also interested in 
the lower and upper tail dependencies based on the hypotheses of symmetry of dependence 
in extreme periods, even where dependencies for lower and upper tails are the same.

In this step, the timing of the presence of contagion effects is investigated by analyz-
ing the conditional dynamic dependence. Furthermore, each crisis has specific characteris-
tics, suggesting that the contagion effect changes from one crisis to another (over time). To 
identify the contagion effect for every crisis separately, the second part of this study begins 
by estimating the conditional dynamic Gaussian copula. This is calculated from the condi-
tional empirical distribution function which is used to calculate the dynamic unidirectional 
dependencies. Here, the conditional dynamic Gaussian copula takes into account the whole 
distribution of the data (Wen et al., 2012).

This table reveals the expansion of the level of dependence during the stress period 
in comparison with the calm periods for most of the country couples of this sample. It 
also highlights the particularity of the Chinese market. No tail dependencies were sent or 
received to or from any markets of this sample. This result, obtained using more robust 
methods, supports the findings of Shen et  al. (2015) regarding the independence of the 
Chinese financial market from other financial markets even in times of crisis. This phe-
nomenon can be explained by the limited influence of European economic and financial 
conditions on Chinese investors.

For the second part of the estimations, unidirectional dependence levels were calcu-
lated using conditional dynamic Gaussian copulas. In Table 5, the results display high lev-
els of dependencies between all mature markets except Japan. Moreover, several precise 
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contagion effects from Japan were found (see Tables 6 and 7). Therefore, to distinguish the 
temporal asymmetry of contagion effects in addition to spatial asymmetry, the dynamic 
behavior of conditional dependence was studied using the Bai and Perron (2003) multiple 
breakpoints test to determinate structural changes. At the same time, the existence, direc-
tion and timing of contagion effects were tested among the present sample markets.

The identified break dates are the moments where a structural change of the conditional 
dependence between markets emerges. The case of the absence of breakpoints provides 
proof of the absence of financial pure contagion. Moreover, a structural change should be 

Table 7  Features of one-directional dependence by period
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Table 7  (continued)

This table shows the level of dependence for each period. The sample was devised following the breakpoint 
dates from the previous table. *correspond to a presence of breakpoints without increase in level of depend-
ence. Bold value signifies the timing of unidirectional contagion from market A to market B
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coupled with an increase of unidirectional dependence to confirm the existence of pure 
contagion effects on this period in comparison with the previous period. In fact, the main 
contribution of our work is to determinate the timing7 of contagion effect in addition to 
the direction.8 We highlight the fact that this is the first paper to propose measuring the 
structural change of financial dependence using conditional dynamic copulas to detect the 
presence, direction and time of pure financial contagion.
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Fig. 1  Conditional dynamic dependencies between the U.S. and other mature markets
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Fig. 2  Dynamic dependencies between the U.S. and BRICS markets

7 Enable the detection of temporal asymmetry of pure contagion effects.
8 Enable the detection of spatial asymmetry of pure contagion effects.
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According to the results of Tables 6 and 7 and Figs.  1, 2, 3, 4, 5, 6, 7, we conclude 
the existence of both spatial and temporal9 asymmetry for bilateral contagion stock market 
levels. This shows the importance of taking into account temporal asymmetry to detect 
the contagion effect of every crisis and to estimate the period of pure contagion related to 
the investor’s behavior. Identification of these asymmetries gives international investors the 
opportunity to enhance their portfolio strategies. This reveals the role played by conditional 
information during periods of high volatility, as highlighted by Batten et al. (2019), in out-
performing passive portfolio investment strategies, particularly for emerging markets.

In Fig. 2, we highlight the fact that, during stress periods, BRICS financial markets have 
different relationships with the US market related to their vulnerabilities to international 
risks. Our results extend the finding of Glasserman and Young (2015) that spillover effects 
are more exposed when the couple is heterogeneous with a high level of connectivity or 
linkages between markets.

Moreover, during the global financial crisis, the US market only transmits pure conta-
gion to Belgium, Brazil, Russia and Canada and only receives contagion from the U.K. and 
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Fig. 6  Dynamic dependencies between Russian and Brazilian stock markets via conditional dynamic gauss-
ian copula
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Fig. 7  Dynamic dependencies between German and Japanese and US stock markets via conditional 
dynamic gaussian copula

9 The contagion effect during the subprime crisis is different from the contagion effect during the sovereign 
debt crisis.
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Germany. Our spatial asymmetry are consistent with the results of Luchtenberg and Vu 
(2015) because they confirm the existence of both transmitted and received financial pure 
contagion between markets during the 2008 crisis with different levels of influence.

Table 7 reports the changing features of the dependence series. We can conclude that the 
transmission effect of the subprime crisis from the U.S. to many mature countries such as 
France, Switzerland, Germany and Japan, occurred via the traditional transmission chan-
nel (Niţoi & Pochea, 2019), and no pure contagion effect based on the definition proposed 
by Forbes and Rigobon (2002) was found. This result is consistent with the findings of the 
study by Zhu et al. (2018), which showed that Japan and Germany were subjected to a seri-
ous impact by subprime crisis contagion via the traditional transmission channel. This can 
be explained by the high levels of dependence between the mature markets in the sample 
during calm periods, and the fact that spillover effects are determined by fundamental vari-
ables such as bilateral trade, FDI and exchange rates, etc. However, a contagion effect trans-
mitted and received between some mature and immature markets, and vice versa between 
immature markets and between mature markets, were identified. From these unique results, 
the increase in level of dependence of mature on immature markets arguably began in 2008 
(this corresponds to unidirectional pure contagion effect) and, for mature markets, the pure 
contagion effect began in 2007. The mature markets first received pure contagion effects 
from the contagious market (U.S.), due to the behavior change of international investors 
during the crisis. The pure contagion effect resulted from the expectations of international 
investors and their crowd behavior. This result provides a better understanding of the pure 
contagion effects which occur during the crisis and the channels of contagion, complement-
ing the study by Wang et al. (2021) which was limited to the foreign exchange market.

No increase in conditional dependencies was identified during the European debt crisis. 
This absence of pure contagion is due to three reasons. Firstly, mature markets are always 
highly correlated, and the level of dependence still continued to increase after the global 
financial crisis. Secondly, the transmission effect of this crisis occurred via fundamental 
variables such as the channel of credit risks found in the work of Koutmos (2018) as a main 
channel of spillover effects during the European debt crisis. This may be explained by the 
high level of economic integration between European financial markets where the work of 
Sensoy et  al. (2019) demonstrates high dependency between EMU markets. Finally, the 
temporal asymmetry of contagion can be explained by information asymmetries, which are 
weak between these mature markets (Luchtenberg & Vu, 2015).

In Tables 6 and 7, we observe a decrease in the conditional dependence level between 
market indexes before the subprime crisis. However, we also observe how this decrease 
begins in most cases in 2003, the date from which the US stock markets started to grow 
again after a long period of decline which followed the burst of the internet bubble in 2000.

Figures 1 and 2 show the conditional dynamic dependencies of the U.S. on other mature 
and BRICS markets respectively.

5  Conclusion

This paper introduces a novel approach for studying contagion effects with the integra-
tion of both spatial and temporal asymmetries. To this end, the presence of pure contagion 
effects between the G10 and BRICS financial markets for the period from 1st January 2001 
to 31 May 2018 was examined, with the aim of identifying whether the spillover effects of 
the recent crisis were due to pure or to fundamentals-based contagion.
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This paper contributes to previous studies on methods used to identify bilateral conta-
gion effects. It proposes a novel methodology based on the conditional static and dynamic 
copulas and a novel approach to measuring conditional copulas based on conditional 
empirical distribution functions.

The aim of this study was to quantify the difference between the dependence among 
financial time series in calm and stress periods. For neighboring markets, the main conclu-
sion drawn was that transmission of the crisis is explained by fundamentals-based conta-
gion due to interconnection during calm periods (Asgharian et al., 2013).

In the first part of this paper, a conditional version of the approach proposed by Durante 
et al. (2013) was used to take into account the spatial asymmetry of dependence between 
financial markets, mainly because contagion effects were studied between heterogeneous 
markets. The second part of this empirical investigation focused on the temporal asym-
metry in addition to the space component. A conditional dynamic Gaussian copula in com-
bination with the multiple breakpoints test was used to estimate the structural change of 
dependence series. In this part, the pure contagion effects of the crises were identified and 
explained.

This is furthermore the first time that the conditional empirical distribution function has 
been integrated to estimate empirical conditional copula, with the aim of capturing the spa-
tial asymmetry of contagion phenomena between mature and immature financial markets 
during the most important two crises of this century. This methodology enabled the direc-
tion of contagion effects to be identified. Following this, a dynamic unidirectional depend-
ence to detect the increase in dependence between G10 and BRICS markets was proposed 
to capture the part of spillover effects which cannot be explained by fundamentals. Pure 
contagion effect was calculated using the rho level of dependence extracted from condi-
tional dynamic Gaussian copula combined with the multiple breakpoints test synchronized 
with the increase in level of dependence (Leung et al., 2017).

The present findings explain how the existence of pure contagion with spatial and tem-
poral asymmetries is due to the difference and change in investor behaviors relating to the 
asymmetry of information on the international financial market.

This study may have some important implications for portfolio managers, policy mak-
ers and researchers, as it can enable them to identify the origin, direction and timing of 
pure financial contagion (Gómez-Puig & Sosvilla-Rivero, 2016). In particular, for portfolio 
managers, understanding the bilateral and multilateral behaviors of financial markets opens 
up more opportunities for portfolio diversification and resource allocation (Changqing 
et al., 2015). For policy makers, it can help them to adopt appropriate policy measures in 
order to reduce the vulnerability of their country to an external shock.

For future studies, we propose four possible perspectives from this work:

• Applying the methodology proposed in this paper to test and explain the contagion 
effects between stock, exchange, bond and commodities markets;

• Applying the methodology proposed in this paper to study sectoral contagion effects, 
mainly after the COVID-19 pandemic;

• Using the conditional dynamic dependencies series as an endogenous variable in order 
to distinguish the transmission channels during a crisis of pure contagion from the 
transmission channels during a crisis of fundamentals-based contagion; and

• Taking the conditional dynamic dependencies series to develop a spatial weight matrix 
to improve the forecasting of results of stock market returns with a spatial modeling 
approach.



1218 Annals of Operations Research (2022) 313:1183–1220

1 3

References

Ahmad, W., Sehgal, S., & Bhanumurthy, N. R. (2013). Eurozone crisis and BRICKS stock markets: Conta-
gion or market interdependence? Economic Modelling, 33, 209–225.

Al Nasser, O. M., & Hajilee, M. (2016). Integration of emerging stock markets with global stock markets. 
Research in International Business and Finance, 36, 1–12.

Asgharian, H., Hess, W., & Liu, L. (2013). A spatial analysis of international stock market linkages. Journal 
of Banking and Finance, 37(12), 4738–4754.

Asgharian, H., & Nossman, M. (2011). Risk contagion among international stock markets. Journal of Inter-
national Money and Finance, 30(1), 22–38.

Ayadi, M., Boudhina, R., Khallouli, W., & Sandretto, R. (2006). La contagion de la crise asiatique: Dynam-
iques de court terme et de long terme. Économie Internationale, 105(1), 113–135.

Bai, J., & Perron, P. (2003). Critical values for multiple structural change tests. Econometrics Journal, 6(1), 
72–78.

Baig, T., & Goldfajn, I. (1999). Financial Market contagion in the Asian crisis. Palgrave Macmillan Jour-
nals on Behalf of the International Monetary Fund, 46(2), 167–195.

Batten, J. A., Kinateder, H., Szilagyi, P. G., & Wagner, N. F. (2019). Time-varying energy and stock market 
integration in Asia. Energy Economics, 80, 777–792.

Bekaert, G., Ehrmann, M., Fratzscher, M., & Mehl, A. (2014). The global crisis and equity market conta-
gion. Journal of Finance, 69(6), 2597–2649.

Bekaert, G., Harvey, C. R., & Ng, A. (2005). Market integration and contagion. Jounal of business 89.
Billio, M., & Pelizzon, L. (2003). Contagion and interdependence in stock markets: Have they been misdi-

agnosed? Journal of Economics and Business, 55(5–6), 405–426.
Bradley, B., & Taqqu, M. (2004). Framework for analyzing spatial contagion between financial markets. 

Finance Letters, 2(6), 8–15.
Bradley, B., & Taqqu, M. (2005a). Empirical evidence on spatial contagion between financial markets. 

Finance Letters, 3(1), 77–86.
Bradley, B., & Taqqu, M. (2005b). How to estimate spatial contagion between financial markets. Finance 

Letters, 3(1), 64–76.
Carol, A. (2008). Market risk analysis Volume II Practical financial econometrics. England: John Wiley & 

Sons Ltd The Atrium, Southern Gate, Chichester.
Carrion-I-Silvestre, J. L., Kim, D., & Perron, P. (2009). GLS-based unit root tests with multiple structural 

breaks under both the null and the alternative hypotheses. Econometric Theory, 25(6), 1754–1792.
Changqing, L., Chi, X., Cong, Y., & Yan, X. (2015). Measuring financial market risk contagion using 

dynamic MRS-Copula models: The case of Chinese and other international stock markets. Economic 
Modelling, 51, 657–671.

Claeys, P., & Vašíček, B. (2014). Measuring bilateral spillover and testing contagion on sovereign bond 
markets in Europe. Journal of Banking and Finance, 46(1), 151–165.

Corsetti, G., Marcello, P., & Sbracia, M. (2011). Correlation analysis of financial contagion. In Financial 
Contagion: The Viral Threat to the Wealth of Nations pp. 11–20.

Diebold, F. X., & Yilmaz, K. (2009). Measuring financial asset return and volatility spillovers, with applica-
tion to global equity markets. Economic Journal, 119(534), 158–171.

Dornbusch, R., Park, Y. C., & Claessens, S. (2000). Contagion: Understanding how it spreads. The World 
Bank Research Observer, 15(2), 177–197.

Durante, F., & Foscolo, E. (2013). An analysis of the dependence among financial markets by spatial conta-
gion. International Journal of Intelligent Systems, 28, 319–331.

Durante, F., Foscolo, E., Jaworski, P., & Wang, H. (2014). A spatial contagion measure for financial time 
series. Expert Systems with Applications, 41(8), 4023–4034.

Durante, F., Foscolo, E., Jaworski, P., & Wang, H. (2015). Strengthening links between data analysis and 
soft computing. Advances in Intelligent Systems and Computing, 315, 217–224.

Engle, R. (2009). Anticipating correlations a new paradigm for risk management. In Princeton University 
Press Princeton and Oxford.

Fernandez, V. (2011). Spatial linkages in international financial markets. Quantitative Finance, 11(2), 
237–245.

Filho, O. C. S., Ziegelmann, F. A., & Dueker, M. (2014). Assessing dependence between financial mar-
ket indexes using conditional time-varying copulas: Applications to Value at Risk (VaR). Quantitative 
Finance, 14(12), 2155–2170.

Forbes, K. J., & Rigobon, R. (2002). No contagion, only interdependence: Measuring stock market comove-
ments. The Journal of Finance, 57(5), 2223–2261.



1219Annals of Operations Research (2022) 313:1183–1220 

1 3

Gjika, D., & Horváth, R. (2013). Stock market comovements in Central Europe: Evidence from the asym-
metric DCC model. Economic Modelling, 33, 55–64.

Glasserman, P., & Young, H. P. (2015). How likely is contagion in financial networks? Journal of Banking 
and Finance, 50, 383–399.

Gómez-Puig, M., & Sosvilla-Rivero, S. (2016). Causes and hazards of the euro area sovereign debt crisis: 
Pure and fundamentals-based contagion. Economic Modelling, 56, 133–147.

Hadhri, S., & Ftiti, Z. (2019). Asset allocation and investment opportunities in emerging stock markets: 
Evidence from return asymmetry-based analysis. Journal of International Money and Finance, 93, 
187–200.

Hübsch, A., & Walther, U. (2017). The impact of network inhomogeneities on contagion and system stabil-
ity. Annals of Operations Research, 254(1–2), 61–87.

Jayech, S. (2016). The contagion channels of July-August-2011 stock market crash: A DAG-copula based 
approach. European Journal of Operational Research, 249(2), 631–646.

Kenourgios, D., & Dimitriou, D. (2015). Contagion of the global financial crisis and the real economy: A 
regional analysis. Economic Modelling, 44, 283–293.

Kocaarslan, B., Soytas, U., Sari, R., & Ugurlu, E. (2018). The changing role of financial stress, oil price, 
and gold price in financial contagion among US and BRIC markets. International Review of Finance, 
1–34.

Koutmos, D. (2018). Interdependencies between CDS spreads in the European Union: Is Greece the black 
sheep or black swan? Annals of Operations Research, 266(1–2), 441–498.

Leung, H., Schiereck, D., & Schroeder, F. (2017). Volatility spillovers and determinants of contagion: 
Exchange rate and equity markets during crises. Economic Modelling, 61, 169–180.

Lin, W., Engle, R. F., & Ito, T. (1994). Do bulls and bears move across borders? International transmission 
of stock returns and volatility. Review of Financial Studies, 7(3), 507–538.

Luchtenberg, K. F., & Vu, Q. V. (2015). The 2008 financial crisis: Stock market contagion and its determi-
nants. Research in International Business and Finance, 33, 178–203.

Naresh, G., Vasudevan, G., Mahalakshmi, S., & Thiyagarajan, S. (2018). Spillover effect of US dollar on the 
stock indices of BRICS. Research in International Business and Finance, 44, 359–368.

Niţoi, M., & Pochea, M. M. (2019). What drives European Union stock market co-movements? Journal of 
International Money and Finance, 97, 57–69.

Patton, A. (2006). Modeling asymmetric exchange rate dependence. International Economic Review, 47(2), 
527–556.

Patton, A. (2012). A review of copula models for economic time series. Journal of Multivariate Analysis, 
110, 4–18.

Patton, A. (2013). Copula methods for forecasting multivariate time series. Handbook of Economic Fore-
casting, 2, 899–960.

Rigobon, R. (2016). Contagion, spillover and interdependence (No. 1975).
Rodriguez, J. C. (2007). Measuring financial contagion: A Copula approach. Journal of Empirical Finance, 

14(3), 401–423.
Sensoy, A., Nguyen, D. K., Rostom, A., & Hacihasanoglu, E. (2019). Dynamic integration and network 

structure of the EMU sovereign bond markets. Annals of Operations Research, 281(1–2), 297–314.
Shen, P. L., Li, W., Wang, X. T., & Su, C. W. (2015). Contagion effect of the European financial crisis on 

China’s stock markets: Interdependence and pure contagion. Economic Modelling, 50, 193–199.
Sklar, A. (1959). Fonctions de répartition à n dimensions et leurs marges. Publications de l’Institut de 

Statistique de l’Universit´e de Paris, 8:229–231.
Tam, P. S. (2014). A spatial – temporal analysis of East Asian equity market linkages. Journal of Compara-

tive Economics, 42(2), 304–327.
Wang, G. J., Xie, C., Lin, M., & Stanley, H. E. (2017). Stock market contagion during the global financial 

crisis: A multiscale approach. Finance Research Letters, 22, 163–168.
Wang, H., Yuan, Y., Li, Y., & Wang, X. (2021). Financial contagion and contagion channels in the forex 

market: A new approach via the dynamic mixture copula-extreme value theory. Economic Modelling, 
94(January), 401–414.

Wang, Y. C., Wu, J. L., & Lai, Y. H. (2018). New evidence on asymmetric return–volume dependence and 
extreme movements. Journal of Empirical Finance, 45, 212–227.

Wen, X., Wei, Y., & Huang, D. (2012). Measuring contagion between energy market and stock market dur-
ing financial crisis: A copula approach. Energy Economics, 34(5), 1435–1446.

Weng, Y., & Gong, P. (2016). Modeling spatial and temporal dependencies among global stock markets. 
Expert Systems with Applications, 43, 175–185.

Xiong, Y., Sun, S., Wang, Z., Wang, K., & Liu, L. (2016). Application of structural breakpoint test to the 
correlation analysis between crude oil. Open Journal of Business and Management, 4, 322–328.



1220 Annals of Operations Research (2022) 313:1183–1220

1 3

Zhang, W., Zhuang, X., & Lu, Y. (2020). Spatial spillover effects and risk contagion around G20 stock mar-
kets based on volatility network. North American Journal of Economics and Finance, 51(C), 101064.

Zhou, Z., Lin, L., & Li, S. (2018). International stock market contagion: A ceemdan wavelet analysis. Eco-
nomic Modelling, 72, 333–352.

Zhu, Y., Yang, F., & Ye, W. (2018). Financial contagion behavior analysis based on complex network 
approach. Annals of Operations Research, 268(1–2), 93–111.

Zorgati, I., & Lakhal, F. (2020). Spatial contagion in the subprime crisis context: Adjusted correlation ver-
sus local correlation approaches. Economic Modelling, 92, 162–169.

Publisher’s Note Springer Nature remains neutral with regard to jurisdictional claims in published maps and 
institutional affiliations.


	Spatial contagion between financial markets: new evidence of asymmetric measures
	Abstract
	1 Introduction
	2 Pure versus fundamentals-based contagion
	3 Methodology
	3.1 Steps of estimation
	3.1.1 ARMA-GARCH modeling
	3.1.2 Measure of spatial contagion
	3.1.2.1 Definition of a copula based on the Sklar proposal 
	3.1.2.2 Spearman’s contagion indexes 
	3.1.2.3 The definition of the SJC copula 
	3.1.2.4 Dynamic Gaussian copula 


	3.2 Sample

	4 Results and discussion
	5 Conclusion
	References




